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I examined patterns in stream macroinvertebrate assemblage structure and assemblage–
environment relationships at four taxonomic levels (i.e. species, genus, family, and order) 
and based on four data types (i.e. presence/absence, logarithmic, square-root, and raw 
abundance) in a boreal drainage basin. Tests of resemblance matrix concordance within 
taxonomic levels showed that not all matrices were strongly correlated. Presence/absence 
matrices showed poor correlations with raw abundance matrices, possibly reflecting the 
fact that a few dominant species were responsible for assemblage patterns in the latter. By 
contrast, logarithmic and square-root data generally showed strong matrix correlations, 
and this pattern existed at the species, genus, and family levels. Assemblage–environment 
relationships were rather similar between species-, genus-, and family-level data sets, 
given that the same key environmental variables were included in the final environmental 
dissimilarity matrices in BIO-ENV analysis. In conclusion, researchers should pay consid-
erable attention to data transformations when interpreting assemblage patterns at different 
taxonomic levels and comparing different studies, as different data transformations may 
provide differing information and lead to highly differing conclusions.
Introduction
Many studies in ecology, conservation biology, 
and environmental assessment are based on the 
examination of whole ecological communities. 
Searches for patterns in community structure 
typically utilise data on the distribution of spe-
cies across a set of sites and resulting species-
by-sites matrix. Patterns in the species-by-sites 
matrix and derived resemblance matrices can be 
affected by the type of transformations used (e.g. 
Clarke and Warwick 2001). The raw abundance 
data can be reduced to either presence/absence 
form or transformed using various different trans-
formations (e.g. logarithmic, square-root, and 
fourth-root). A typical approach in community 
analysis is to decrease the dominance of a few 
abundant species through transformation of spe-
cies data (e.g. Clarke and Warwick 2001). How-
ever, although transformations are commonly 
used in community analyses, little attention has 
been directed to the fact that the biotic patterns 
and community–environment relationships may 
differ between different data types and transfor-
mations (e.g. Anderson et al. 2005). However, 
conclusions of different studies typically rely on 
360 Heino • Boreal env. res. vol. 13
a single data type, including raw abundance data 
(e.g. Townsend et al. 1987), square-root trans-
formed data (e.g. Johnson and Goedkoop 2002), 
logarithmically transformed abundance data (e.g. 
Heino et al. 2003), and presence/absence data 
(e.g. Malmqvist and Mäki 1994).
Community analyses are by no means 
restricted to the use of species-level data, but 
patterns at higher taxonomic levels may also 
provide interesting information about ecological 
assemblages. Many studies in conservation biol-
ogy have examined concordance in taxon rich-
ness patterns between different taxonomic levels, 
and concluded that variability in species richness 
is often strongly correlated to that of higher taxon 
richness (e.g. Gaston and Williams 1993, Balm-
ford et al. 2000). Less attention has been devoted 
to examining concordance between species-level 
and higher taxonomic-level assemblage patterns, 
i.e., two resemblance matrices between different 
taxonomic aggregations (e.g. Negi and Gadgil 
2002). For example, Bowman and Bailey (1997) 
found that species- and genus-level resemblance 
matrices showed high correlations to family-, 
order- and even class-level matrices in freshwater 
macroinvertebrates. Marshall et al. (2006) also 
found that species-level matrices were strongly 
correlated with genus- and family-level matrices, 
and significant correlations existed even between 
species- and order-level matrices in stream mac-
roinvertebrates. Furthermore, it has been found 
for marine macroinvertebrates that resemblance 
matrices constructed from species-, genus-, and 
family-level data are strongly correlated only if 
they are based on the same data transformation 
(e.g. Olsgard et al. 1997).
 An important aspect of ecological com-
munity analysis is also the degree to which dif-
ferent types of data sets and taxonomic levels 
are related to environmental characteristics. For 
instance, if more abundant species show stronger 
relationships to the environment than less abun-
dant species, then abundance data or transformed 
abundance data may be more easily explicable 
than presence/absence data by environmental 
characteristics. By contrast, if less common spe-
cies are as important as (or more important than) 
abundant species for community–environment 
relationships, presence/absence data may pro-
vide well enough match to the environmental 
characteristics. There may similarly be differ-
ences in the responses of different taxonomic 
levels to environmental conditions (e.g. Olsgard 
et al. 1998). For instance, species-level data may 
be required to find a good match between varia-
tion in community structure and environmental 
conditions (e.g. Hawkins et al. 2000), as it is 
at the level of species and their traits where the 
responses to the environmental conditions occur 
(e.g. Poff 1997). However, the distributions of 
species may bear a high degree of randomness. 
In such cases, data on higher taxonomic levels 
may balance the noise in the distribution of spe-
cies, as species belonging to, say, the same genus 
may show rather similar responses to the envi-
ronment, and their combined occurrence covers 
the whole range of suitable environmental con-
ditions for each species. Even higher taxa may 
show relatively strong relationships to environ-
mental characteristics, and thus the examination 
of assemblage–environment relationships is also 
feasible at such higher taxonomic levels (e.g. 
Murphy and Davy-Bowker 2006). Furthermore, 
it has previously been shown that the assem-
blage–environment relationships may be rather 
invariant at species, genus and family levels in 
stream macroinvertebrates (Furse et al. 1984, 
Marchant et al. 1995, Feio et al. 2006).
Stream macroinvertebrates are typical objects 
of community ecological and environmental 
monitoring studies (Rosenberg and Resh 1993, 
Allan 1995), so there exists a large information 
base on their assemblage–environment relation-
ships. For example, it has been shown repeatedly 
that a set of a few key environmental variables 
is needed to account for a moderate part of 
variability in community structure. These vari-
ables typically include stream size-related fac-
tors, acidity, nutrient concentrations, and water 
colour (Townsend et al. 1983, Wright et al. 
1984, Malmqvist and Mäki 1994, Mykrä et al. 
2007). The mentioned studies generally ana-
lysed patterns at the lowest possible taxonomic 
level with presence/absence or logarithmically 
transformed abundance data. By contrast, few 
previous studies had simultaneously examined 
the effects of both taxonomic resolution and 
data transformation on assemblage patterns and 
assemblage–environment relationships in stream 
macroinvertebrates, although such studies had 
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been conducted for marine macroinvertebrates 
(Olsgard et al. 1998, Clarke and Warwick 2001). 
I examined the patterns of stream macroin-
vertebrate assemblage structure and assemblage–
environment relationships at four taxonomic 
levels (i.e. species, genus, family, and order). 
Based on earlier studies, I expected that data 
sets with the same transformation (i.e. presence/
absence, logarithmic transformation, square-root 
transformation, and raw abundance) would show 
stronger matrix concordance than matrices of 
different data transformation, irrespective of the 
taxonomic level. In other words, I thus expected 
that concordance among taxonomic levels would 
be strong if the matrices were based on the same 
data transformation. Furthermore, I assumed that 
the assemblage–environment relationships do 
not vary appreciably between different taxo-
nomic levels, but either decreases or increases in 
the strength of the match between assemblages 
and the environment could be found in relation 
to the data transformations examined. I tested 
these assumptions by analysing a high-resolu-
tion data set collected from a set of near-pristine 
streams in northeastern Finland.
Methods
Study area
The study area is located in the Koutajoki drain-
age basin in northeastern Finland (centred on 
66°20´N, 29°20´E; area extent of sampling sites 
is 2173 km2), just south of the Arctic Circle. 
The bedrock of the study area is highly vari-
able, with extensive occurrence of calcareous 
rocks. Accompanied by considerable relative 
altitudinal differences, this is mirrored in highly 
variable vegetation, ranging from old-growth 
coniferous forests to riparian deciduous wood-
lands and from nutrient-poor bogs to luxurious 
fens. These factors also provide the basis for 
a high variability of stream habitats across the 
region. Headwater streams and small rivers in 
the study area are characterised by circumneutral 
to alkaline water, low turbidity, and nutrient con-
centrations ranging from low to moderate (Table 
1). The 34 stream sites surveyed for the present 
study represent typical headwater streams and 
small rivers in the region, and they are scattered 
across the three major tributaries of the Kouta-
joki drainage system: Oulankajoki, Kitkajoki 
and Kuusinkijoki. 
Benthic macroinvertebrates and 
explanatory variables
Macroinvertebrates were sampled during base-
flow conditions in September 2002. At each 
site, the field crew took a two-minute kick-net 
(net mesh size 0.3 mm) sample covering most 
microhabitats present in a riffle of approximately 
100 m2. The two-minute sample was divided 
among the most important visible microhabi-
tats in a riffle. This sampling effort typically 
yields more than 70% of species occurring at a 
site in a given season, mainly missing species 
that occur only sporadically in streams (Mykrä 
et al. 2006). Macroinvertebrates and associated 
material were immediately preserved in ethanol 
in the field, and they were taken to the labora-
tory for further processing and identification. 
Macroinvertebrates, including non-biting midges 
(Diptera: Chironomidae), were identified to the 
lowest taxonomic levels possible (i.e. species 
or genus) using available identification keys for 
northern Europe (e.g. Nilsson 1996, 1997, and 
references therein). All macroinvertebrates col-
Table 1. mean, se and range (min. and max.) of 
selected environmental variables and richness of differ-
ent taxonomic levels across the study streams.
variables mean se min. max.
Depth (cm) 17.06 0.88 07.33 027.07
current velocity (cm s–1) 25 2.01 09.17 056.77
macrophyte cover (%) 36.61 5.42 00 099
Particle size (see text) 06.25 0.25 02.1 008.2
shading (%) 21.93 3 01 069.1
stream width (m) 03.22 0.48 00.6 015
conductivity (ms m–1) 08.98 0.94 02.53 024
ph 07.57 0.05 07 008.1
no2 + no3 (μg l
–1) 14.74 4.36 05 140
total P (μg l–1) 13.78 2.06 04 044
colour (mg Pt l–1) 66.35 8.97 10 210
species richness 38.06 1.61 21 060
Genus richness 32.62 1.24 18 051
Family richness 22.79 0.73 13 031
order richness 07.15 0.27 04 012
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lected were identified, so no subsampling was 
conducted. This was done to ensure that even 
locally uncommon species were included in the 
analyses. 
After macroinvertebrate sampling, the field 
crew measured several riparian and in-stream 
variables at each site. Shading by riparian trees 
was measured as percentage canopy cover at 
20 locations in evenly-spaced cross-channel 
transects. Depth and current velocity (at 0.6 ¥ 
depth) were measured at 40 random locations in 
cross-channel transects. Macrophyte cover and 
substratum particle size were assessed in ten 50 
¥ 50 cm squares placed randomly in each riffle. 
The following classification of particle sizes 
(modified Wentworth scale; e.g. Allan 1995) 
was used: 0 = organic matter, 1 = sand (diam-
eter 0.25–2 mm), 2 = fine gravel (2–6 mm), 3 = 
coarse gravel (6–16 mm), 4 = small pebble (16–
32 mm), 5 = large pebble (32–64 mm), 6 = small 
cobble (64–128 mm), 7 = large cobble (128–256 
mm), 8 = small boulder (256–400 mm), and 9 
= large boulder (> 400 mm). The proportion of 
each particle size class was estimated for each 
square, and these estimates were subsequently 
averaged to give the mean substratum particle 
size for a site. Based on the above measurements, 
coefficients of variation were also calculated for 
depth, current velocity, macrophyte cover, and 
particle size to describe habitat heterogeneity. 
Mean stream width was also measured at each 
sampling site, based on five cross-channel meas-
urements. Water samples were collected simul-
taneously with physical measurements, and they 
were subsequently analysed for pH, conductiv-
ity, NO2 + NO3, total phosphorus, and colour 
following Finnish national standards.
Data types and statistical methods
Taxa-by-sites matrices were constructed for each 
of the four taxonomic levels, i.e., species, genera, 
families, and orders. Each taxonomic data set was 
further divided into four data types and trans-
formations: presence/absence, logarithmically 
transformed abundance [log(x + 1)], square-root 
transformed abundance, and raw abundance data. 
Thus, there were 16 biotic matrices for statistical 
analyses. All statistical analyses pertained to the 
routines in PRIMER ver. 6 (Clarke and Gorley 
2006). Bray-Curtis similarities between all pairs 
of sites were first calculated from each taxa-by-
sites matrix. This similarity coefficient is gener-
ally deemed to be highly suitable for analyses 
of quantitative assemblage data, for example, 
because (i) it neglects the double zero problem 
(Legendre and Legendre 1998), (ii) it ranges 
from 0 for totally dissimilar assemblages to 100 
for totally similar assemblages, (iii) and a change 
of measurement unit does not affect its value 
(Clarke and Warwick 2001). For a comparison 
of the performance of the Bray-Curtis coefficient 
in relation to other similarity and distance coef-
ficients, see Faith et al. (1987). This coefficient 
can also be used for presence/absence data, and 
then it is equal to Sørensen’s coefficient (Clarke 
and Warwick 2001).
I first used the BIO-ENV analysis to examine 
the relationships between assemblage patterns of 
each biotic resemblance matrix and environmen-
tal variables. BIO-ENV works by relating biotic 
resemblance matrices to environmental distance 
matrices by calculating rank correlation between 
the two matrices analysed (Clarke and Warwick 
2001). In practice, Bray-Curtis resemblance 
matrices were correlated with an Euclidean dis-
tance matrix of appropriately transformed and 
normalised (centred on respective mean and 
standardised by standard deviation) environmen-
tal variables. The situation of correlating two dis-
similarity or distance matrix pertains to Mantel 
test type analyses (Legendre and Legendre 1998). 
The drawback of the original Mantel test is that 
one cannot easily evaluate the importance of dif-
ferent environmental variables in explaining pat-
terns in biotic resemblance matrix. By contrast, 
BIO-ENV does this by searching for the best 
subset of environmental variables, leading to the 
strongest correlation between biotic resemblance 
matrix and the environmental distance matrix 
based on the reduced set of environmental varia-
bles. The strength of the correlation was assessed 
based on non-parametric Spearman’s rank corre-
lation (rs) and the significance of the relationships 
was based on random permutations of the data (I 
used 99 permutations).
To compare assemblage patterns between dif-
ferent taxonomic levels and data transforma-
tions, I used another Mantel test type method 
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called RELATE (Clarke and Warwick 2001). 
This method can be used to compare the relation-
ship between two different resemblance matrices 
by calculating Spearman’s rank correlations. The 
significance of the relationships between two 
matrices is assessed based on a permutation 
test (I used 999 permutations). I admit that the 
tests between different taxonomic levels and data 
transformations are not independent; however, 
there is no other way to examine the concord-
ance between such data matrices, and the same 
dependence problem is true for alternative meth-
ods such as the original Mantel test and Pro-
crustes rotation (Legendre and Legendre 1998). 
Finally, I used second-stage non-metric mul-
tidimensional scaling (NMDS) to further exam-
ine the concordance between biotic resemblance 
matrices (Clarke and Warwick 2001). In prac-
tice, second-stage analysis first produces a rank 
correlation matrix of resemblance matrices (in 
this case, the matrices of each transformation at 
the four taxonomic levels). The present analyses 
were based on Spearman’s rank correlation. A 
NMDS ordination plot is then produced from the 
second-stage matrix, portraying the similarities 
and differences between original resemblance 
matrices. For ecological applications of second-
stage NMDS, see Olsgard et al. (1998) and 
Bilton et al. (2006).
Results
All taxa were retained in the statistical analyses, 
because the omission of rare taxa may reduce 
the ability to describe important assemblage gra-
dients (Cao et al. 1998, Lenat and Resh 2001). 
There was a total of 175 species, 131 genera, 57 
families, and 15 orders in the biotic data matri-
ces. There was wide variability in taxon richness 
across the study sites. Species number varied 
from 21 to 60, genus number from 18 to 51, 
family number from 13 to 31, and order number 
from four to 12 (Table 1). There was thus much 
scope for variability in assemblage structure 
across sites irrespective of taxonomic level. 
Environmental conditions, particularly physical 
habitat variables, also showed considerable vari-
ation across sites (Table 1).
The BIO-ENV analysis showed that the rela-
tionships between assemblage structure and envi-
ronmental variables were rather weak (Table 2). 
Table 2. summary of the Bio-env analysis of the relationships between biotic resemblance matrices and the best 
sets of environmental variables used to construct environmental dissimilarity matrices. shown are spearman rank 
correlations (rs), significance, and the best subsets of environmental variables. significant relationships (P ≤ 0.050) 
are set in boldface. environmental variables: 1 = depth; 2 = depth cv; 3 = current velocity; 4 = current velocity cv; 
5 = macrophyte cover; 6 = macrophyte cover cv; 7 = Particle size; 8 = particle size cv; 9 = shading; 10 = stream 
width; 11 = conductivity; 12 = ph; 13 = no2 + no3; 14 = total phosphorus; 15 = water colour.
Biotic matrix rs P subset of environmental variables
species presence/absence 0.315 0.180 2, 4, 5, 6, 9, 10, 12, 13, 14 
species log-transformation 0.326 0.200 2, 5, 6, 9, 12
species square-root transformation 0.338 0.090 2, 5, 6, 12
species raw abundance 0.298 0.150 2, 5, 6, 12
Genus presence/absence 0.351 0.050 2, 4, 6, 8, 9, 10, 11, 12, 13, 15
Genus log-transformation 0.379 0.080 2, 4, 5, 6, 12
Genus square-root transformation 0.381 0.050 2, 5, 6, 12
Genus raw abundance 0.315 0.100 2, 5, 6, 12
Family presence/absence 0.376 0.050 2, 4, 5, 6, 8, 9, 10, 12
Family log-transformation 0.401 0.040 2, 5, 6, 7, 9, 12
Family square-root transformation 0.372 0.030 2, 5, 6, 12
Family raw abundance 0.274 0.250 2, 5, 6, 12
order presence/absence 0.244 0.240 4, 6
order log-transformation 0.358 0.110 2, 5, 6, 12
order square-root transformation 0.264 0.370 2, 5, 12
order raw abundance 0.236 0.360 5
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The best subsets of environmental variables were 
not significantly correlated with species-level 
assemblage patterns, with Spearman’s rank corre-
lations between biotic resemblance matrices and 
environmental distance matrices having rs values 
around 0.3. The situation was slightly different 
for genus-level data, with presence/absence and 
square-root transformed data showing significant 
relationships to the best subsets of environmental 
variables. Also, genus log-transformed and raw 
abundance data showed correlations with envi-
ronmental variables that bordered significance. 
Spearman’s rs values were slightly higher than 
those for species-level data. For family data, 
presence/absence, logarithmic, and square-root 
transformations were significantly correlated 
with environmental variables, with Spearman’s rs 
values being around 0.4. Order-level resemblance 
matrices were not significantly correlated with 
environmental distance matrices (Table 2).
The best subsets of environmental vari-
ables had always a set of key variables influen-
tial at the species, genus, and family levels in 
BIO-ENV analyses (Table 2). These variables 
included coefficient of variation of depth, mac-
rophyte cover, coefficient of variation of mac-
rophyte cover, and pH. Further important vari-
ables were current velocity, shading, and stream 
width, but these were not as prevalent in the best 
subsets as the above mentioned variables. For 
order-level matrices, generally the same vari-
ables were incorporated in the environmental 
distance matrices as above, but the number of 
environmental variables in the best subsets was 
generally lower than that in the species-, genus-, 
and family-level analyses.
I considered rs = 0.9 as the level of strong 
matrix concordance in RELATE, as it means that 
more than approximately 80% of the variability 
among resemblance matrices could be explained 
(Table 3). All pairwise comparisons of resem-
blance matrices were significant (P < 0.01), but 
due to non-independence, I concentrated only 
on the strength of the correlations. Spearman’s 
rank correlations (rs) between different biotic 
resemblance matrices showed that logarithmic 
and square-root transformed data were strongly 
correlated within taxonomic levels. For orders, 
however, logarithmic and square-root trans-
formed data were not correlated at this thresh-
old, although matrices based on square-root and 
raw abundance data were strongly correlated. A 
further important finding was that matrices at 
the adjacent taxonomic levels (e.g. species and 
genus) were strongly correlated if they were 
based on the same data transformation (e.g. pres-
ence/absence). In some cases, matrices based on 
logarithmic and square-root transformed data 
were also strongly correlated between taxonomic 
levels (e.g. species and genus).
Second-stage NMDS provided further 
insights into the relationships between different 
data sets (Fig. 1). Thus, order presence/absence 
data deviated sharply from all other data sets, 
including other order data sets, which were quite 
closely situated along the two dimensions in 
the NMDS plot. A general pattern shown by 
the remaining data sets was that species, genus, 
and family levels appeared to be quite closely 
situated if they were based on the same transfor-
mation, while different transformations of each 
taxonomic level were slightly further apart in the 
second-stage NMDS ordination plot. The second 
NMDS dimension seemed to group the data sets 
more clearly than the first dimension according 























Fig. 1. an ordination plot from second-stage nmDs of 
different taxonomic levels and data types. taxonomic 
levels: spe = species; Gen = genus; Fam = family; ord 
= order. Data types: ra = raw abundance data; sr = 
square-root transformation; log = logarithmic transfor-
mation; pa = presence/absence data.
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Discussion
Although is has been suggested that presence/
absence data can be used to describe community 
patterns as efficiently as abundance data (e.g. 
Gauch 1982), there are a number of studies that 
have shown that data type and transformation do 
have effects on community patterns (Thorne et 
al. 1998, Clarke and Warwick 2001, Anderson et 
al. 2005). Thus, it was not surprising that second-
stage NMDS and the tests of resemblance matrix 
concordance within taxonomic levels showed 
that not all matrices were strongly correlated. 
For instance, presence/absence matrices showed 
weak correlations with raw abundance matrices, 
possibly reflecting the fact that a few dominant 
species were responsible for assemblage pat-
terns. By contrast, logarithmic and square-root 
transformed data generally showed strong matrix 
correlations (rs > 0.9), and this pattern existed at 
the species, genus, and family levels. The likely 
reason for these patterns was that logarithmic 
and square-root transformations treated the abun-
dance variation among taxa similarly by reduc-
ing the effects of abundant species on assem-
blage patterns, although the former transfor-
mation is generally considered to down-weight 
abundant taxa more severely than the latter (e.g. 
Clarke and Warwick 2001). Slightly lower cor-
relations (rs = 0.8–0.9) were found between 
resemblance matrices based on presence/absence 
and logarithmically transformed abundance data 
at each taxonomic level, mirroring the fact that 
these data transformations produce fairly similar 
assemblage patterns by increasing the effects of 
less common species in comparison to untrans-
formed abundance data.
Comparisons between taxonomic levels 
were variable in that the type of transformation 
affected the degree to which any two resem-
blance matrices were correlated. Similar results 
have emerged from studies of marine benthic 
invertebrates (Olsgard et al. 1997, Anderson et 
al. 2005). An important finding was that matrices 
at the adjacent taxonomic levels (e.g. species 
and genus) were strongly correlated if they were 
based on the same data transformation (e.g. loga-
rithmic transformation). In some cases, matri-
ces based on logarithmic and square-root data 
were also strongly correlated between taxonomic 
levels (e.g. species and genus). These findings 
are important given that higher taxonomic levels 
may be used to reproduce species-level assem-
blage patterns only if they are based on the same 
transformation of data. This finding is also in 
agreement with a number of similar studies, 
where resemblance matrices based on logarith-
mically transformed abundance data show strong 
correlation (r > 0.9) between different taxonomic 
levels (Marshall et al. 2006, Heino and Soininen 
2007). A little weaker correlations (rs = 0.8–0.9) 
were detected between matrices of square-root 
transformed and raw abundance data between 
taxonomic levels, which likely portrayed the fact 
that, after square-root transformation, abundant 
taxa still have strong effects on assemblage pat-
terns. In a similar comparison of resemblance 
matrices of different taxonomic levels, Bowman 
and Bailey (1997) found that the matrix correla-
tions were stronger when quantitative abundance 
data were analysed than when presence/absence 
data were used. This finding is not entirely 
in agreement with the present ones, as even 
matrices based on presence/absence data of spe-
cies and genera were strongly correlated, with 
the correlations being among the highest ones 
recorded in this study.
It has been suggested that the among-taxo-
nomic level concordance in assemblage pat-
terns is related to the ratios between species 
and higher taxa, with correlations becoming 
lower with increasing numbers of species in 
genera and genera in families in the region under 
study (Bowman and Bailey 1997, Hawkins et 
al. 2000). Hawkins and Norris (2000) suggested 
that when species richness is high, genera and 
families have undergone adaptive radiation, with 
species typically showing different environmen-
tal responses within families. This latter assump-
tion is certainly true for the macroinvertebrate 
fauna of Finnish streams, as aquatic insect spe-
cies within genera may have differing ecological 
niches and relationships to environmental factors 
(e.g. Heino 2005). Thus, it is not necessary that 
stream macroinvertebrate faunas in regions with 
rather low species diversity (e.g. boreal regions) 
show differing relative variability in environ-
mental tolerances and optima than stream mac-
roinvertebrates in regions with higher diversity 
(e.g. more southerly regions). The reason for 
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low regional species diversity in boreal regions 
is most likely related to fact that freshwater 
systems in these regions have developed since 
the latest ice age within 10 000 years or so (e.g. 
Brown and Lomolino 1998). Thus, the macroin-
vertebrate faunas in boreal regions are rather 
impoverished in comparison with regions that 
were not glaciated during the latest ice age or 
that were closer to potential refugia. Thus, boreal 
regions may still be under colonisation, and there 
may be a wide variety of stream environmental 
conditions not inhabited by stream macroin-
vertebrate species. Although there certainly are 
differences in the environmental preferences of 
stream macroinvertebrate species, it is highly 
likely that the responses to the environment are 
more similar between species of the same genus 
than between species of different genera. Thus, 
at least in low diversity regions, species-level 
assemblage patterns and assemblage–environ-
ment relationships are mirrored by patterns at the 
genus and family levels (Furse et al. 1984, Heino 
and Soininen 2007).
The assemblage–environment relationships 
were qualitatively similar between species-, 
genus-, and family-level data sets, given that 
the same key subset of environmental variables 
was included in the final environmental dis-
similarity matrices. This finding is in accordance 
with a few studies conducted in other regions, 
and these studies have typically concluded that 
different taxonomic levels respond similarly to 
the same key environmental gradients, includ-
ing stream size-related factors and acidity (Furse 
et al. 1984, Marchant et al. 1995, Waite et al. 
2004). These are the same gradients that are 
known to be important for macroinvertebrate 
assemblages in boreal streams (Malmqvist and 
Mäki 1994, Heino et al. 2003, Johnson et al. 
2004, Mykrä et al. 2007). In the present study, 
the most consistently important environmental 
factors that were related to biotic resemblance 
matrices were coefficient of variation of depth, 
macrophyte cover, coefficient of variation of 
macrophyte cover, and pH. These patterns imply 
that also habitat variability and habitat structure 
are important drivers of stream macroinverte-
brate assemblages, at least in the absence of 
strong gradients in water chemistry. The similar 
relationships between biotic resemblance matri-
ces and environmental distance matrices further 
suggest that the degree of correlation between 
taxonomic levels is, at least in part, due to similar 
environmental responses of different taxonomic 
levels. However, it must be stressed that the cor-
relations between biotic resemblance matrices 
and environmental distance matrices were not 
significant in most cases, which may be due to 
some important, yet unmeasured environmental 
gradients (e.g. catchment characteristics).
Only genus- and family-level resemblance 
matrices based on presence/absence, logarith-
mic, and square-root transformed data were sig-
nificantly correlated with environmental distance 
matrices. This finding raises the question why 
genus- and family-level data sets were more 
strongly correlated with environmental condi-
tions than species-level data sets, although the 
absolute differences in the strength of these 
correlation were subtle. However, these find-
ings might seem unexpected, because it is at 
the level of species where the responses to the 
environment should be most prevalent, as differ-
ent species typically have different optima along 
environmental gradients (e.g. Bailey et al. 2001). 
There is at least one reason why one might also 
expect the opposite that genera and families 
be more strongly correlated to environmental 
conditions than species. For instance, one might 
envisage that genus- and family-level data do not 
include the noise inherent in complex and some-
times random distributions of species across sites 
(e.g. Bowman and Bailey 1997). Thus, given that 
some species may sometimes be absent from 
environmentally suitable sites due to temporary 
extinctions (e.g. Pulliam 2000), environmental 
relationships of species data may thus be weaker 
than those of genera and families. The distribu-
tion of genera or families naturally covers the 
whole range of environmental conditions inhab-
ited by single species, and higher taxonomic 
levels may thus balance the sometimes sporadic 
characteristics of species-level information.
A number of implications for community 
ecology, conservation, and environmental 
assessment of streams emerged from the present 
analyses. First, genera and families may be used 
as adequate surrogates of species-level assem-
blage patterns in stream macroinvertebrate stud-
ies due to the relatively strong concordance 
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between biotic resemblance matrices. Second, 
if one intends to compare assemblage patterns 
at different taxonomic levels, then the compari-
sons should be based on the same transforma-
tion of data. Third, the correlations between 
biotic resemblance matrices were very strong 
only between the same data transformations at 
the adjacent taxonomic levels (e.g. species and 
genus), while the correlations weakened between 
taxonomic levels further apart (e.g. species and 
family). Finally, the assemblage–environment 
relationships may vary slightly among taxonomic 
levels, and according to the present results, genus 
and family assemblage structure could be most 
efficiently explained by environmental charac-
teristics. The degree to which this latter finding 
holds in other regions with stronger environ-
mental gradients in water chemistry remains to 
be studied rigorously. In conclusion, research-
ers should pay considerable attention to data 
transformations when interpreting community 
patterns, as different data transformations may 
provide differing information and, in the worst 
case, lead to highly differing conclusions. How-
ever, it is the very purpose of a study that eventu-
ally determines the taxonomic level (Bailey et 
al. 2001) and transformation to give answers to 
the questions posed (Clarke and Warwick 2001). 
For instance, although higher taxonomic levels 
may well reproduce species-level assemblage 
patterns and be suitable for rapid biodiversity 
surveys in guiding conservation planning and in 
environmental assessment, species-level data is 
obviously required for directing the conservation 
of rare species (Wright et al. 1996). 
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